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© Low molecular weight, water-soluble phosphinate and phosphonate-containing polymers, and their 
preparation. 

© A process to efficiently utilize the chain transfer agent, hypophosphorus acid or salts, in the preparation of 
low molecular we.ght carboxylate polymers is provided and comprises employing in-process neutralization of the 
carboxylic acid monomer(s). 

A low molecular weight carboxylate polymer containing phosphinate and phosphonate functional groups and 
where not more than 20% of the phosphorus is present in inorganic non-polymeric compounds is also provided. 
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LOW MOLECULAR WEIGHT, WATER-SOLUBLE PHOSPHINATE AND PHOSPHONATE-CONTAINING POLY- 
MERS, AND THEIR PREPARATION 

This invention is concerned with low molecular weight carboxylic acid polymers and their preparation. 
Low molecular weight carboxylic acid polymers and their salts are useful as dispersants, scale 
inhibitors, detergent additives, sequestrants, etc. Generally a molecular weight below 50.000 is necessary 
for effective performance and often very low molecular weights below 10,000 are most effective. It is 
5 common to use chain transfer agents in the polymerization reaction to produce low, and especially the very 
low, molecular weight polymers. Hypophosphorus acid and its salts (commonly sodium hypophosphite) are 
particularly desirable chain transfer agents, chosen primarily because they introduce phosphinate and 
phosphonate functionality into water-soluble polymers which confers superior performance properties in 
some applications. 

70 As used hereinafter, the term "hypophosphorus acid" is intended to include salts thereof, unless a 
clearly different meaning is indicated. 

The use of hypophosphorus acid and its benefits have been taught in US-A-2,957,931 , US-A-4,046,707, 
US-A-4,1 05,551 . US-A-4,1 27,483, US-A-4,1 59,946 and US-A-4,621 ,127. 

Inefficiency is a problem that is common to all the prior uses of hypophosphorus acid as a chain 

is transfer agent. Much of the agent does not specifically become part of the transfer process. A significant 
portion is not incorporated into the polymer and remains unreacted or is converted to other inorganic 
species such as phosphorus acid or its salts. As a consequence, high levels of hypophosphorus acid are 
required to obtain low molecular weight Since hypophosphorus acid is a relatively expensive material, it 
becomes a costly route to low molecular weight polymers. In the case of preparing very low molecular 

20 weight polymers, the levels of hypophosphorus acid required may be prohibitively expensive. 

A second disadvantage arising from the inefficiency is the significant amounts of unreacted hypo- 
phosphite or other inorganic residues present in the reaction product These salts do not contribute to 
performance thereby diluting the activity of the reaction product. In some cases, such as preparing 
concentrated clay slurries, these salts can interfere with the dispersing process. 

25 Another disadvantage of the prior usage of hypophosphorus acid resides in the mix of polymer species 
formed. The reaction products include dialkyl phosphinate polymers and monoalkyl phosphinate and 
phosphonate polymers. In the prior art processes, only about 50% by weight or less of the hypophosphorus 
acid is incorporated into the dialkyl species. Since the dialkyl species are believed to have greater 
blodegradabilrty than the monoalkyls of equal molecular weight, the prior processes give products with 

30 relatively poor biodegradability. 

The present invention enables the preparation of low molecular weight, water-soluble, carboxylic acid- 
based polymers containing phosphinate or phosphonate moieties incorporated into the polymer chain. 

According to the present invention there is provided a process for forming low molecular weight, water- 
soluble polymers, which comprises polymerizing, in a reactor, a heated, agitated, aqueous reaction mixture 

35 comprising water, polymerization initiator, a hypophosphorus acid or a salt thereof as chain transfer agent, 
alkaline neutralizer, one or more monoethyienically unsaturated monocarboxylic acid and, optionally, one or 
more comonomer selected from monoethyienically unsaturated dicarboxylic acids, anhydrides of mon- 
oethyienically unsaturated dicarboxylic acids, and carboxyl-free monomers, and wherein the alkaline 
neutralizer is present during a major portion of, or the whole of, the polymerization in an amount sufficient to 

40 neutralize at least 20% of the acid groups of the carboxylic acid monomer(s). 

The process of the present invention makes efficient use of the hypophosphorus acid as a chain 
transfer agent Also significantly reduced levels of this expensive chain transfer agent are required to 
achieve low molecular weight The improved efficiency is obtained by means of in-process neutralization of 
the carboxylic acid-containing monomer(s) during the polymerization reaction. 

45 In one embodiment of the invention 20 to 100% equivalents of the alkaline neutralizer are co-fed to the 
reactor along with the hypophosphorus acid and, optionally, also along with the monoethyienically unsatu- 
rated monocarboxylic acid, water-soluble initiator, water and, when present, the monoethyienically unsatu- 
rated dicarboxylic acid and/or carboxyl-free monomer. 

According to the present invention there is also provided an improved low molecular weight, water- 
so soluble polymer mixture containing: 
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and ethers; acrylonitrile; vinyl acetate; styrene; vinyl sulfonic acid- or salts thereof; and 2-acryiamido-2- 
methyl propane sulfonic acid or salts thereof. 

The chain transfer agent, or chain regulator, used in the present invention is hypophosphorus acid or a 
salt thereof, such as sodium hypophosphite monohydrate. The level used will vary with the desired 
molecular weight. The molecular weight produced is inversely proportional to the level of chain transfer 
agent. Levels as little as 1 percent (weight percent based on monomer) to as much as 75 percent or more 

^uteblf water-soluble initiators include, but are not limited to: hydrogen peroxide; t-butyl hydroperox- 
ide- sodium potassium or ammonium persulfate; sodium, potassium or ammonium perphosphate; and 2.2 
azo'bis (cyanovaleric acid). These are normally used in amounts of 0.05% to 5% by weight (based on 
weight of monomer(s)). A preferred range is 0.1 to 2% by weight (based on weight of monomer^)). 

Metal salt activators or promoters may also be added as part of the initiator system. Examples include 
water-soluble salts of cobalt, iron, copper, nickel, zinc, tungsten, cerium, molybdenum, titanium and 
zirconium. Preferred levels of metal salts are 0 to 100 ppm. based on weight of monomer(s). 

The alkaline neutralizer may be any inorganic or organic base. Among the preferred bases which may 
be used are sodium hydroxide, potassium hydroxide, ammonium hydroxide, triethanolamme. dimethyl 
amino ethanol. ethanolamine and trimethyl hydroxyethyl ammonium hydroxide. The level of neutralizer is 
typically 20 to 100 percent equivalents, based on the acid or anhydride monomer content of the reaction 
mix. A preferred level of neutralizer is 50 to 95 percent equivalents. „ . . * , . 

The polymers produced are preferably poly(meth)acrylates. The term «poly(meth)acrylates is intended 
to mean polymers where one or more of the monomers polymerized is an acrylic or methacrylic acid but 
some non-acrylate monomers may be included and even be present in a major amount. 

Polymerizations are normally run at greater than 20% by weight solids (non-volatile solids in aqueous 
polymerized product) and preferably in the 30 to 80% by weight solids range. Polymerization temperatures 
from 60 to 150* C may be employed, with a preferred range being 75 to 100 C. A portion of the water is 
preferably charged initially to the reactor. Each of the reactants may then be co-fed; the monomer(s), chain 
transfer agent initiator, and alkaline neutralizer being added separately and at a linear rate to the starred 
water charge over a period of 0.5 to 10 hours. Linear feed rate refers to maintaining the same feed rate of 
reactant during the entire addition period. In a batch process, the polymerization is conducted until all 
ingredients have been added and complete polymerization has occurred as indicated by the solids content 
of the solution. If residual monomer levels are higher than desired, a longer hold period may be employed 
with optional addition of more initiator or other suitable monomer scavengers. 

In a continuous or semi-continuous mode, continuous removal of a portion of the reaction mixture is 
started after a portion of the reactants have been added, for example, after approximately 30 minutes. The 
addition, e.g. co-feed, of starting Ingredients is then continued at a rate equal to the discharge rate. 

The initiator, chain transfer agent and alkaline neutralizer are normally added as aqueous solutions for 
simplicity and accuracy of metering and more uniform reaction. The reactants can be fed separately 
although some preblending may be practiced; blending of monomers or preneutralizing the acid monomer 
are examples of alternative modes for the present invention. 

The purpose of employing hypophosphorus acid in the polymerization is two fold. One is to provide 
phosphinate and phosphonate functionality in the resulting polymer composition. It is well known that these 
groups can produce desirable performance for the polymer, for example, in dispersing or water treatment 
applications. The second contribution arises from its chain transfer activity and is a means to control 
molecular weight and more specifically to provide low. particularly very low. molecular weight polymers. 
The reaction product formed is a mixture of species. NMR analysis indicates the composition generally 
consists of: 
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(1) Dialkyl phosphinate " Polymer 
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(2) Monoalkyl phosphinate Polymer 
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(3) Monoalkyl phosphonate Polymer 
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MuL^d 1 L T l - S PT the rcaCti0n Pr0duct mixture is a f"" 0 * 10 " of P"*** employed. As 
22??™ ^P' 68 ' "» in-process neutralization process produces a mix That has' less unincor- 
SSSLrrT" 6 C ° mp0Un ? S 30(1 more dia,k y' P°'^r species than does the prior art processes not 

TS^ZTS^Z neU S' 2ati0n - °"! meanS tQ d6SCrlbe the com P°^n * °n the basis of the percent 
oftetaM phovhomi that 1S , n each of the species. Typical ratios for reaction product composition. 

obtained by the process of the present invention, versus the prior art process are: 
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As will be illustrated in the Examples given hereinafter, most of the phosphorus is in a useiul form, that 
is. is reacted with the dialkyl and monoalkyl polymers of the present invention. The pot ^ ™ S ***»J 
merefore improved over those available heretofore by the prior art processes. Under *e preferred 
Sons of'the invention, depending upon the amount of acid groups neutralized N>»M^ 
phosphides will usually contain 50 to 90% by weight of the total phosphorus. The monoalkyl phosph nates 
anS phosphonates will usually contain between 10% and 40% by weight of the phosphorus, with the 
remainder, If any, in the inorganic salts. * t .^* ic 

The relationship of level of chain transfer agent to molecular weight of the polymer 
illustrated in Figure 1 of the accompanying drawings for two processes, namely, the process o f the present 
invention and the prior art process without neutralization, both processes usmg sodium persufete as initoator 
7m' C In prior art process without neutralization (line "A" in Figure 1. ambient pH...e pH about 2). the 
molecuTar weight will decrease with increasing level of sodium hypophospfte ("NaHP"). "JWM» 
example, abort 30% by weight NaHP (based on monomer) to produce a polymer with a ^weight average 
molecular weight (M.) of approximately 2.000. In the present invention (line "B" in Figure 1) employing .n- 
plS neuSirzation (95% equivalents for P H about 6). about 13% by weight NaHP. or less than one half 
as much, is required to produce a polymer with a M w of about 2,000. 



M is determined by aqueous gel permeation chromatography (GPC). 

effeSTdegree of in-process neutralization (percent equivalents of a.ka.ine neutralizer based on 
acrylc acid monome?) is depicted in Figure 2 of the accompanying drawings. The graph of 
dAA with 7.4% sodium hypophosphite, with the "X" axis representing the % in-process neutral.zat.on and 
C^" axi ^representing the GPC • M w x 100. At a given level of NaHP. the extent to which M w .s lowered s 
tfre Jy rXeTtolne efficiency of utilization of the NaHP. Over the range of 20 to 100 percent equivalents 
of alkaline neutralizer, the M w is significantly lower than the prior art process. 

The compositions with the high dialkyl polymer and low inorgan.c compounds content are more useful 
in a numter of end use applications including dispersants for paint formulations additives for laundry and 
machine dishwashing detergents, dispersants for kaolin clay slurries and scale inh.bitors. d.spersants and 
corrosion inhibitors for water treatment and oil production. 

Se present invention will now be further illustrated by way of the followmg Examptes wh.ch are for 
illustrative purposes only and are not to be construed as imposing any limitation on the scope of the 
invention. In the Examples, all percentages are percentages by weight. 

Example 1 

To a two-liter, four-neck flask equipped with a mechanical stirrer, a condenser, a ^° m ^^ s ' ,n ^! 
for the gradual addition of monomer, alkaline neutralizer. initiator and sodium hypophosphrte so utions, was 
added 568 grams of deionized (Dl) water. The water was heated to 90 C. A monomer charge of 500 grams 
of fltaU a5y£ acid was prepared. A neutralizer co-feed charge of 528 grams of 50% sod.um hydrox.de 
<o S 5 9 SS P eSnt base'd on the acid monomer) was prepared. A chain regulator co-feed so,ution was 
prepared by dissolving 36.8 grams of sodium hyphophosphite monohydrate in 40 grams of Dl water. An 
initiator solution was prepared by dissolving 5 grams of sodium persulfate in 58 grams of Dl water. 

The acrylic acid sodium hydroxide, sodium persulfate and sodium hypophosphrte charges were added 
linearly and separately over three hours to the stirring water charge. Temperature was ma.nta.ned at 

45 90 Thf nfsultant polymer solution had a solids content of 41%. pH of 6.7 viscosity of 0.21 Pz is (210 
centipoises) and residual monomer content of less than 0.01%. Molecular weight by GPC was M w 2700. 

NMR analysis showed the composition to be a mixture of dialkyl phosphinate polymer monoalk yl 
phosphinate polymer, monoalkyl phosphonate polymer, sodium hypophosphite and sod ^ph osphrte m 

so water in which 72% of the phosphorus was incorporated in the dialkyl spec.es. 18% .n the monoalkyl 
species and 10% in the inorganic salts. 
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Example 2 

55 The procedure of Example 1 was repeated except that the amount of Dl water added to the reactor was 
393 grams and the co-feed alkaline neutralizer was 400 grams of ammonium hydrox.de (28 /e ammon,a). 
The resultant polymer solution had a solids content of 43%. pH 6.5. vscosrty of 0.09 Pa s (90 
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centipoises), residual monomer of less than 0.01%, and a molecular weight M w = 2800. 
Example 3 (Comparative) 

5 

The procedure of Example 1 was repeated except that no co-feed neutralizer was added during the 
po ymenzafcon When the polymerization was completed, however. 528 grams of 50% sodium hydroxide 
solution was added to neutralize the polymer solution. 

io 0.01%.^?^= S» ^ ^ & ^ * ^ P " ^ reSidUa ' m ° n ° mer ° f ' eSS than 

NMR analysis showed the composition to be a mixture of the same species as in Example 1 but with a 
th K e t0 I al P nos P h °™ P^sent. 45% was incorporated into dialkyl phosphinate polymer. 
25 /c in monoalkyl phosphinate and phosphonate polymer, and 30% not incorporated in the polymer 
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Example 4 



The procedure of Example 1 was repeated except that the sodium hypophosphite monohydrate charge 
was increased to 73.6 grams dissolved in 80 grams of Dl water. ' 

The resultant polymer solution had a solids content of 42%; the pH = 6.5. Residual AA was <0.01% 
The polymer molecular weight based on GPC measurement was M w = 1800. NMR analysis showed that 
75 /o of the phosphorus was incorporated as dialkyl phosphinate polymer. 22% as monoalkyl phosphinate 
and phosphonate polymer and less than 3% in the inorganic salts. 



Example 5 



The procedure of Example 3 with no co-feed neutralizer was repeated except that the sodium 
hypophosphite monohydrate charge was increased to 73.6 grams dissolved in 80 grams of Dl water 
The resultant polymer solution had 41% solids. pH 6.5. residual monomer <0.01% and M w = 2300 
NMR analysis showed that the percent of phosphorus in the product was about 40% in dialkyl 
phosphinate polymer, about 25% in monoalkyl phosphinate and phosphonate polymer and about 35% not 
incorporated in polymer. 



Example 6 



w I h ^ i'S four -" eck f,ask e q"iPPed with a mechanical stirrer, a condenser, a thermometer and inlets 
L 9 ^no addrt,ons of monom8rs " alkali "e neutralizer. initiator and sodium hypophosphite solutions was 
added 206 grams of Dl water and 20 grams of a 0.15% solution of iron sulfate heptahydrate dissolved in Dl 
water. This solution was heated to 90 C. A monomer solution of 325 grams of glacial acrylic acid. 175 
grams of maleic anhydride and 200 grams of Dl water was prepared. An alkaline neutralizer co-feed of 
451 6 grams of 50% sodium solution (75% equivalent percent based on monomers) and 100 grams of Dl 
water was prepared. A chain regulator co-feed solution was prepared by dissolving 27.6 grams of sodium 
hypophosphite monohydrate in 66 grams of Dl water. An initiator solution was prepared by dissolvino 5 
grams of sodium persulfate in 80 grams of Dl water. 

The monomers, sodium hydroxide, sodium persulfate and sodium hypophosphite charges were added 
linearly and separately over three hours to the stirring water charge. Temperature was maintained at 90 

+ /-2 C. 

The resultant polymer solution had 42% solids. pH 5.5. viscosity of 0.141 Pa s (141 centipoises). 
residual acrylic acid was 0.12% and residual maleic acid was 1 .03%. M w - 2800. 

Example 7 

The procedure of Example 6 was repeated except that 330 grams of Dl water was added, the monomer 
if^JTn 9ramS ° f 9 ' adal metnacrv "'c acid, the alkaline neutralizer co-feed was 278 grams of 50% 
(50 •P^ent % based on monomer) in 289 grams of Dl water and the chain regulator co-feed was 
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36.8 grams of sodium hypophosphite monohydrate in 80 grams of Dl water. 

The resultant polymer solution had 42% solids. pH 5.3. viscosity 440 Pa s (490,000 centipoises), 
residual monomer of 0.11% and M w = 25,200. 

5 

Example 8 

The procedure of Example 1 was repeated except that 200 grams of Dl water was initially added to the 
reactor. The monomer feed was 288 grams of glacial acrylic acid. The initiator solution was 4 grams of 
70 sodium persulfate and 50 grams of Dl water The chain regulator solution was 212 grams of sodium 
hypophosphite monohydrate and 212 grams of Dl water. The alkaline neutralizer cofeed was 304 grams of 
50% sodium hydroxide solution (95 equivalent % based on monomer). 

The resultant polymer solution had 46% solids, pH 6.3, viscosity of 0.035 Pa s (35 centipoises), residual 
monomer of <0.01% and M w = 729. 

is 

Example 9 

The procedure of Example 1 was repeated except that 18.5 grams of sodium hypophosphite mon- 
20 ohydrate was used. 

The resultant polymer composition had a molecular weight of M w = 5670. 
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Example 10 

The procedure of Example 1 was repeated except that the monomer charge was 300 grams of glacial 
acrylic acid and 200 grams of 2-hydroxyethyl acrylate and the neutralizer co-feed charge was 317 grams of 
50% sodium hydroxide (95 equivalent percent). 

The resultant polymer solution had a solids content of 42%, pH of 6.8 and M w = 2800. 

Example 11 

The procedure of Example 1 was repeated except that the monomer charge was 100 grams of glacial 
35 acrylic acid, 200 grams of hydroxyethyl acrylate and 200 grams of acrylamide and the neutralizer co-feed 
charge was 106 grams of 50% sodium hydroxide (95 equivalent percent). 
The resultant polymer had a M w = 2800. 

40 Example 12 

A three-residence time semi-continuous run is illustrated in this example. 

To a two-liter, 4-necked flask fitted with a bottom outlet and top inlets for gradual addition of monomer, 
alkaline neutralizer, initiator and chain transfer agent was added 474 grams of Dl water. This water charge 
45 was heated to 91 ± 1 * C. 

A monomer feed of 1939 grams of glacial acrylic acid was prepared. An initiator-activator co-feed 
mixture consisting of 19.4 grams of sodium persulfate and 0.03 grams of ferrous sulfate in 226 grams of Dl 
water, was prepared. A chain regulator co-feed solution of 143 grams of sodium hypophosphite mon- 
ohydrate in 194 grams of Dl water was prepared. An alkaline neutralizer co-feed solution of 2055 grams of 
so 50% sodium hydroxide was prepared. 

The hypophosphite feed was started for five minutes, then one third of each of the feeds was added 
linearly and separately, over 90 minutes, while maintaining reaction temperature of 91 ± 1 C. After 90 
minutes, an additional co-feed of Dl water (948 grams) was started and added linearly over 180 minutes. 
Simultaneously with the start of the water co-feed, product removal was started at a rate that maintained a 
total reactor weight of about 2008 grams. The monomer, initiator, chain regulator and alkaline neutralizer 
additions were maintained as their original rates, and the remaining two thirds of these charges were co-fed 
over the same 180 minute period. Alter a total elapsed time of 270 minutes (not including the five minute 
chain regulator start up charge), all the feeds were finished and the product in the reactor was allowed to 
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drain from the reactor. The product was held at 85* C to further reduce residual monomer 

■• I^ eSU ^° lymer SOlUti ° n had 45% Solids - pH 7 - 3 ' residual ™™mer of 0.0037% and a molecular 
weignt, M w = 2800. 



Claims 



1. A process for forming low molecular weight, water-soluble polymers, which comprises polymerizing, in a 
reactor, a heated, agitated, aqueous reaction mixture comprising water, polymerization initiator, a hypo- 
phosphorus acd or a salt thereof as chain transfer agent, alkaline neutralizer. one or more mon- 
oethylenically unsaturated monocarboxylic acid and. optionally, one or more comonomer selected from 
monoethylenically unsaturated dicarboxylic acids, anhydrides of monoethylenically unsaturated dicarboxylic 
^t'Z ^ 7 l ree monomers ' "* wherein th * Valine neutralizer is present during a major portion 
o . or the whole of. the polymerization in an amount sufficient to neutralize at least 20% of the acid groups 
of the carboxyltc acid monomer(s). 

2. A process as claimed in Claim 1. wherein the hypophosphorus acid or salt thereof, the alkaline neutralizer 
and optionally, the polymerization initiator and monomer(s) are cofed. for example at a linear rate, into the 
rosctor. 

1^^*1*1 !" S' aim 1 ° r ° laim 2 ' Wherein *» reaction mixture comprises a mixture of 

s3Ts reaCt ° r 88 8 miXtUre ° r ^ 88 tW ° or more se P arate monomer 

4. A process as claimed in Claim 1. wherein the reaction mixture comprises a mixture of monomers and 

b^rr,,^ e „nL m °? t 0f , Said . m0n0merS iS initia " y Charged 10 the reactor *«* ^ remaining monomer(s) 
being subsequently introduced into the reactor. 

5. A process as claimed in any preceding claim, wherein the monomer(s) consist of 21 to 100% for 

ZmftJm 12?*/ bV W8iQht ° f 3 mixtUre ° f monoethylenically unsaturated mono- and dicarboxylic 
acids, and 79 to 0%. for example 49 to 0% . by weight of carboxyl-free monomer. 

6. A process as claimed in any preceding claim, wherein the low molecular weight, water-soluble polymer 
has a weight average molecular weight of less than 10,000. for example less than 5.000 

7. A process as claimed in any preceding claim, wherein the monoethylenically unsaturated monocarboxylic 
acid monomer is acrylic acid. 

anltdride 988 "* PreCedin9 C,aim ' wherein the monomer(s) comprise acrylic acid and maleic 

8. A process asclaimed in any preceding Claim, wherein the alkaline neutralizer is present in an amount 
sufficient to neutralize 40 to 100% of the acid groups of the carboxylic monomer(s). . an - amount 

Iv^JZ^tZ C,3imed T V PreCedin9 Claim ' Wherein 106 alka,ine neutralize is selected from sodium 
hydroxide, potassium hydroxide, ammonium hydroxide, and mixtures thereof. 

1 1 . An improved low molecular weight, water-soluble polymer mixture containing: 
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(q Polymer - P-OH(Na) 

together with inorganic salts, wherein at least 80%, for example at least 90% of the phosphorus is contained 
in the polymeric materials with the remainder in the inorganic salts. 

12. A polymer mixture as claimed in Claim 11, wherein at least 70% of the phosphorus is present as (A). 
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FIG.2. 
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